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SHADOW MASKASSEMBLY 

BACKGROUND 

Light Emitted Diode (LED) displays are becoming com- 5 
mon for computer, television, tablet, and Smart-phone 
screens. An LED is a type of diode that emits light in response 
an applied electric current. An LED display includes an array 
of LED cells, and an LED cell includes a group of LEDs, such 
as red, green, and blue LEDs. By varying the intensity of each 
of the LED in a cell, various colors can be produced. The 
multiple cells, or pixels, can form images and video to a 
human viewer. 

Often, the fabrication of LEDs involves the coating of 
phosphors onto an LED die. A phosphor is a luminescent 15 
material. The phosphor is typically coated onto an LED die 
using a spray process. A shadow mask is used to expose 
certain regions of a number of LED dies to the spray process. 
The shadow mask is typically secured to a jig that holds a 
substrate having a number of LED dies, or another substrate 
holding the LED dies, through pins or screws. During the 
spray coating process, the shadow mask is susceptible to 
thermal expansion which can cause Strain on the pins or 
screws used to secure the shadow mask. It is thus desirable to 
perform a spray coating process without causing too much 
stress on the thermal mask, which can lead to a lower quality 
coating. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
30 

Aspects of the present disclosure are best understood from 
the following detailed description when read with the accom 
panying figures. It is emphasized that, in accordance with the 
standard practice in the industry, various features are not 
drawn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
S1O. 

FIG. 1A is a diagram showing an illustrative cross-sec 
tional view of a shadow mask assembly having embedded 
magnets, according to one example of principles described 
herein. 

FIG. 1B is a diagram showing an illustrative cross-sec 
tional view of a shadow mask assembly having embedded 
magnets, according to one example of principles described 
herein. 

FIG. 2A is a diagram showing an illustrative top view of a 
shadow mask with elliptical guide holes, according to one 
example of principles described herein. 

FIG. 2B is a diagram showing an illustrative top view of a 
shadow mask with guide slots, according to one example of 
principles described herein. 

FIG. 3 is a diagram showing an illustrative spray coating 
process onto LED dies through a shadow mask, according to 
one example of principles described herein. 

FIG. 4 is a flowchart showing an illustrative method for 
performing a spray coating process with a shadow mask 
having embedded magnets, according to one example of prin 
ciples described herein. 
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It is to be understood that the following disclosure provides 
many different embodiments, or examples, for implementing 
different features of the disclosure. Specific examples of 
components and arrangements are described below to sim- 65 
plify the present disclosure. These are, of course, merely 
examples and are not intended to be limiting. Moreover, the 

2 
performance of a first process before a second process in the 
description that follows may include embodiments in which 
the second process is performed immediately after the first 
process, and may also include embodiments in which addi 
tional processes may be performed between the first and 
second processes. Various features may be arbitrarily drawn 
in different scales for the sake of simplicity and clarity. Fur 
thermore, the formation of a first feature over or on a second 
feature in the description that follows may include embodi 
ments in which the first and second features are formed in 
direct contact, and may also include embodiments in which 
additional features may be formed between the first and sec 
ond features, such that the first and second features may not be 
in direct contact. 

Further, spatially relative terms, such as “beneath.” 
“below,” “lower,” “above,” “upper” and the like, may be used 
herein for ease of description to describe one element or 
feature's relationship to another element(s) or feature(s) as 
illustrated in the figures. The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures. For example, if the device in the figures is turned over, 
elements described as being “below' or “beneath other ele 
ments or features would then be oriented “above the other 
elements or features. Thus, the exemplary term “below can 
encompass both an orientation of above and below. The appa 
ratus may be otherwise oriented (rotated 90 degrees or at 
other orientations) and the spatially relative descriptors used 
herein may likewise be interpreted accordingly. 
As mentioned above, the fabrication of LEDs involves the 

spray coating of a phosphor layer onto an LED die. The 
phosphor layer may include either phosphorescent materials 
and/or fluorescent materials. The phosphor layer may be 
coated on the surfaces of the LED dies in a concentrated 
Viscous fluid medium (e.g., liquid glue). As the Viscous liquid 
sets or cures, the phosphor material becomes a part of the 
LED package. In practical LED applications, the phosphor 
layer may be used to transform the color of the light emitted 
by an LED dies. For example, the phosphor layer can trans 
form a blue light emitted by an LED die into a different 
wavelength light. By changing the material composition of 
the phosphor layer, the desired light color emitted by the LED 
die may be achieved. 
The efficiency at which light color is changed by the phos 

phor may depend in part on the quality of the phosphor layer. 
Specifically, it is desired that a clean coating of phosphor be 
applied. Moreover, it is important that the phosphor particles 
do not get deposited on regions other than where they are 
intended to be deposited. 

According to principles described herein, an efficient spray 
coating process is achieved by using a shadow mask assembly 
that involves the use of magnets. Specifically, a jig structure 
used to support the LED dies and the substrate holding the 
LED dies is secured to a shadow mask through use of magnets 
embedded in the jig structure. This creates a strong seal 
between the shadow mask and the substrate holding the LED 
dies. This prevents phosphor particles from getting placed at 
those regions between the LED dies. 

Moreover, the shadow maskis aligned through use of guide 
pins within the jig structure and corresponding guide holes in 
the shadow mask. The guide holes and guide pins can be 
designed so that the shadow mask is allowed to expand during 
the spray coating process. The thermal expansion resulting 
from the spray coating process may otherwise put too much 
strain on the shadow mask so as cause adverse effects. 

Using a shadow mask assembly embodying principles 
described herein, the fabrication process can be made more 
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efficient. For example, the shadow mask described herein is 
easier to clean and thus it can be made ready for Subsequent 
batches relatively quickly. Additionally, the shadow mask 
may last longer because it experiences less lateral strain due 
to thermal expansion. 

FIG. 1A is a diagram showing an illustrative cross-sec 
tional view of a shadow mask assembly 100 having embedded 
magnets 108. According to certain illustrative examples, the 
shadow mask assembly 100 includes a securing assembly 
which includes a bottom jig 102 and an upper jig 106. The 
shadow mask assembly 100 also includes a substrate 104 and 
a shadow mask 116. The substrate 104 includes a number of 
dies (not shown) which will be illustrated and described in 
further detail below with the text accompanying FIG. 3. In 
some examples, the dies may be LED dies. For the purposes 
of illustration, the dies will be referred to hereafter as LED 
dies. However, it is understood that other types of compo 
nents secured to a Substrate may be used in accordance with 
principles described herein. 
The substrate 104 is the workpiece and is thus not part of 

the assembly. As such, the substrate 104 is illustrated with 
dotted lines. The shadow mask assembly 100 is used to hold 
the LED dies in place and to allow for a phosphor spray 
coating process to precisely spray the intended regions of the 
LED dies. In some examples, a different kind of spray coating 
process may be used. For example, if the dies are not LED 
dies but are to receive some type of coating, then the spray 
coating process may be used to spray that type of coating. 
The bottomjig 102 secures the substrate 104 in place. The 

bottom jig 102 may secure the substrate 104 through a num 
ber of mechanisms. For example, the bottom jig 102 may 
include a well having a same exterior dimensions as the 
substrate 104. The substrate 104 may be a semiconductor 
substrate that has been fabricated with circuitry to control the 
LEDs on the LED dies that is attached to the substrate 104. 
The upper jig 106 is secured to the bottom jig 102. In the 

present example, the upperjig 106 is secured to the bottomjig 
102 using pins 114. Specifically, the bottom jig 102 includes 
pins 114, and the upper jig includes indentations in which the 
pins 114 fit. Other methods, however, may be used to secure 
the bottom jig 102 to the upper jig 106. For example, the 
bottomjig 102 and the upperjig 106 may both include embed 
ded magnets that secure them. In another example, the bottom 
jig 102 and the upperjig 106 may be connected by an external 
latch. In some cases, the securing assembly may be one piece, 
instead of being separated into a bottomjig 102 and an upper 
jig 106. 

The upper jig 106 also includes guide pins 110 to guide the 
placement of the shadow mask 116. The placement of the 
shadow mask 116 is such that holes in the mask are properly 
positioned over the regions of the LED where phosphor coat 
ing is sprayed. The guide pins 110 correspond to guide holes 
112 in the shadow mask 116. The guide pins 110 and guide 
holes 112 are such that the guide pins are used for guiding 
purposes and are not used for securing the shadow mask 116 
to the securing assembly. 

According to the present example, magnets 108 are embed 
ded within the upperjig 106 and the bottomjig 102. When the 
magnets 108 are embedded in both the bottom jig 102 and 
upper jig 106, they should not overlap because doing so 
would cause the two jigs 102,106 to repel against each other. 
In some cases, however, the magnets may be embedded in 
either the upper jig 106 or the bottom jig 102, but not both. 
These magnets 108 are used to secure the shadow mask 116 to 
the securing assembly. Thus, there is no need for screws or 
other securing mechanisms to secure the shadow mask 116 to 
the securing assembly. The magnets 108 allow easy fastening 
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4 
of the shadow mask 116 to the upperjig 106 and reduce lateral 
constrain during thermal expansion of the shadow mask 
because the guide pin holes allow some freedom of motion. 
Additionally, placement of the magnets 108 in the bottomjig 
102 can help with the planarization of the shadow mask 116. 
Specifically, the magnets 108 can be designed to help keep the 
shadow mask 116 on an even plane during the spray coating 
process. 
The shadow mask 116 is used to cover the LED die during 

the spray coating process. The shadow mask 116 includes a 
pattern of specifically designed holes that direct the phosphor 
spray at the desired regions of the LED dies. The shadow 
mask 116 is made of a material that is attracted to the magnets 
108. The nature of the magnets 108 and the material of the 
shadow mask are such that the attractive force between the 
two is enough to properly secure the shadow mask 116 to the 
securing assembly without causing too much stress on the 
shadow mask 116. Moreover, the magnetic force creates a 
seal between the shadow mask 116 and the substrate 104 
during the phosphor spraying process. This seal prevents 
phosphor coating particles from being deposited in the 
regions between the LED dies. 
The shadow mask 116 may be made from a variety of 

materials and in a variety of methods. In some cases, the 
shadow mask 116 may be a multi-level shadow mask. In the 
present example, however, the shadow mask 116 is an inte 
grated shadow mask 116. That is, it is one solid component 
rather than several thin components stacked together. In one 
example, the shadow mask 116 is made of a material referred 
to as SUS420. 

Using an integrated shadow mask can reduce assembly 
tolerance. Additionally, the integrated shadow mask is easier 
to operate, clean, and maintain. The integrated shadow mask 
is also cost less than a multi-level shadow mask. 
The phosphor spray coating process involves relatively 

high temperatures that may cause thermal expansion of the 
shadow mask 116. Because the shadow mask 116 is secured 
to the securing assembly with magnetic forces, as opposed to 
a securing pin or screw, the thermal expansion does not put 
adverse strain on the shadow mask 116. Additionally, the 
nature of the guide pins 110 and guide holes 112 can be such 
that an amount of thermal expansion is allowed without caus 
ing stress on the shadow mask. 

FIG. 1B is a diagram showing an illustrative cross-sec 
tional view of a shadow mask assembly 100 having embedded 
magnets, wherein the guide pins are part of the bottom jig 
102. According to the present example, the bottom jig 106 
includes a set of guide pins 122 that extend through the upper 
jig 106 and through the guide holes 112 of the shadow mask 
116. The guide pins 122 can be used to securely connect the 
bottom jig 102 to the upper jig 106. Additionally, the guide 
pins 122 act as a guiding mechanism for the shadow mask 116 
while still allowing for thermal expansion of the shadow mask 
116 during the spray coating process. 
The strength of the magnets 108 may be such that they 

securely hold the shadow mask 116 against the substrate 104 
without providing too much vertical strain on the shadow 
mask 115. If the magnets 108 were too strong, then it would 
be more difficult for the shadow mask to expand appropriately 
during the spray coating process. Thus, there would still be 
Some warping of the shadow mask 116. In order to choose an 
appropriate strength for the magnets 108, the magnetic Sus 
ceptibility of the shadow mask 116 may be considered as 
well. For example, if the magnetic susceptibility of the 
shadow mask 116 is high, then magnets 108 with less strength 
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may be used. Conversely, if the magnetic susceptibility of the 
shadow mask is relatively low, then magnets 108 with more 
strength may be used. 
The LED dies formed on the substrate may be used in a 

variety of applications. For example, the LEDs of the present 
disclosure may be used in lighting applications including, but 
not limited to, vehicle headlights or taillights, vehicle instru 
ment panel displays, light Sources of projectors, light sources 
of electronics such as Liquid Crystal Display (LCD) televi 
sions or LCD monitors, tablet computers, mobile telephones, 
or notebook/laptop computers. 

FIG. 2A is a diagram showing an illustrative top view 200 
of a shadow mask 116. As mentioned above, the shadow mask 
116 includes a section 204 with a pattern of specially 
designed holes. Specifically, the section 204 illustrates an 
array of several individual holes, each hole corresponding to 
an LED. In this example, that section is circular. In other 
examples, however, the section 204 may be of different 
shapes. 

In the present example, the guide pins 110 are in the shape 
of a semi-circular ellipse. This leaves a space 206 between the 
guide pins 110 and the center of the shadow mask 116. This 
space 206 allows for thermal expansion of the shadow mask. 
During the phosphor spray coating process, the temperature 
can exceed 50 degrees Celsius. This causes the shadow mask 
to expand in an outward direction 202. 

The guide pins 110 may be of a variety of shapes and leave 
a space 206 in other shapes besides a semi-circular shape. The 
guide pins 110 may be designed to allow enough space 206 
for the predicted amount of thermal expansion during the 
spray coating process while still effectively guiding the 
shadow mask 116 into the proper position. In some examples, 
the guide pins 110 are circular while the guide holes of the 
shadow mask 116 are elliptical. The elliptical dimensions 
may be such that an appropriate freedom of motion is allowed 
during thermal expansion so as to avoid unacceptable lateral 
strain on the shadow mask 116. 

FIG. 2B is a diagram showing an illustrative top view of a 
shadow mask with guide slots. According to the present 
example, the shadow mask 116 includes four guide slots 212. 
Each guide slot is oriented towards the center of the shadow 
mask 116. The jig structure corresponding to a shadow mask 
116 with guide slots 212 may include circular guide pins 214. 
Other shapes, however, may be used for the guide pins 214. 
For example, the guide pints 214 may be square orrectangular 
shaped and oriented to fit within the guide slots 212. In some 
examples, the guide slots 212 may have rounded edges. The 
guide slots 212 may also be of a variety of lengths. 
The orientation of the slots allows the shadow mask 116 to 

expand during the spray coating process without causing too 
much strain on the mask 116. The length of the guide slots 212 
may be set to account for anticipated thermal expansion. By 
including at least four slots as illustrated, the guide pins 212 
effectively align the shadow mask 116 with an underlying 
Substrate so that the phosphor spray coating process can occur 
as desired. 

FIG. 3 is a diagram 300 showing an illustrative spray 
coating process onto LED dies through a shadow mask 116. 
Specifically, FIG. 3 illustrates a cross sectional view of the 
specially designed holes 302. These holes are designed to fit 
around the active regions 304 of the LED die. Each active 
region 304 corresponds to a single LED. The LED is con 
nected to the circuitry within the substrate 104 through bond 
wires which are shown on the sides of the active regions 304. 
The holes 302 allow for the phosphor spray coating process 
306 to coat phosphor on top of each active region 304 in a 
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6 
specific manner so that the LED gives off the desired color 
when turned on and emitting light. 

While only four LED active regions 304 are illustrated, it is 
understood that a practical embodiment of principles 
described herein will include an array with a much larger 
number of LED active regions. Moreover, while the holes 302 
within the shadow mask 116 are shown with a wider lower 
section than an uppersection, other types of holes 302 may be 
used in accordance with principles described herein. For 
example, the holes 302 may be conical in shape, with the 
higher portion being narrower than the lower portion. The 
narrower portion on top protects the spray coating 306 form 
reaching regions where it is not intended to be sprayed. 

FIG. 4 is a flowchart showing an illustrative method for 
performing a spray coating process with a shadow mask 
having embedded magnets. According to certain illustrative 
examples, the method includes a step of securing 402 a Sub 
strate that is attached to the LED die to a securing assembly. 
The securing assembly includes a number of embedded mag 
nets. In some examples, the securing assembly may include a 
bottomjig and an upper jig as illustrated in FIGS. 1A and 1B. 
The magnets may be embedded on the bottom jig, the upper 
jig or both. 
The method further includes a step of securing 404 a 

shadow mask over the Substrate using the magnets. The 
shadow mask is positioned to allow for the spray coating 
process. A set of guide pins are used to secure the shadow 
mask. The shadow mask includes a number of guide holes or 
guide slots positioned so that when placed over the guide pins, 
the shadow mask is appropriately aligned with the underlying 
substrate and LED dies. The guide holes or guide slots on the 
shadow mask are further designed to allow for a freedom of 
motion. Thus, the shadow mask can freely expand or contract 
based on externally applied conditions. 
The method further includes a step of performing 406 the 

spray coating process. As mentioned above, the spray coating 
process is used to spray phosphor materials onto the LED 
dies. The phosphor materials may be used to cause the LED to 
emit specific wavelengths (colors) of light. This spray coating 
process causes thermal expansion of the shadow mask. 
Because of the nature of the guide pins and guide holes or 
slots, the shadow mask is able to expand without causing too 
much stress on the mask assembly. Moreover, the seal 
between the shadow mask and the Substrate can be main 
tained. 

According to principles described herein, an efficient spray 
coating process is achieved by using a shadow mask assembly 
that involves the use of magnets. Specifically, a jig structure 
used to support the LED dies and the substrate holding the 
LED dies is secured to a shadow mask through use of magnets 
embedded in the jig structure. This creates a strong seal 
between the shadow mask and the substrate holding the LED 
dies. This prevents phosphor particles from getting placed at 
those regions between the LED dies. 

Moreover, the shadow maskis aligned through use of guide 
pins within the jig structure and corresponding guide holes in 
the shadow mask. The guide holes and guide pins can be 
designed so that the shadow mask is allowed to expand during 
the spray coating process. The thermal expansion resulting 
from the spray coating process may otherwise put too much 
strain on the shadow mask so as cause adverse effects. 

According to certain illustrative examples, a shadow mask 
assembly includes a securing assembly configured to hold a 
substrate that is configured to hold a plurality of dies. The 
securing assembly includes a number of guide pins and a 
shadow mask comprising holes for the guide pins, said holes 
allowing the guide pins freedom of motion in one direction. 
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The securing assembly includes a number of embedded mag 
nets configured to secure the shadow mask to the securing 
assembly. 
A method for spray coating a die includes securing a sub 

Strate that is attached to a plurality of dies to a securing 
assembly, the securing assembly having a number of embed 
ded magnets, securing a shadow mask over the substrate 
using the magnets, the shadow mask positioned to allow for 
the spray coating process, and performing the spray coating 
process. 

According to certain illustrative examples, a shadow mask 
assembly used in a spray coating process includes a shadow 
mask assembly used in a spray coating process, the assembly 
includes a bottom jig configured to be secured to a substrate 
having a plurality of Light Emitting Diode (LED) dies 
thereon, the bottom jig having a number of embedded mag 
nets, an upper jig secured to the bottom jig and including a 
number of guide pins and a number of embedded magnets. 
The assembly further includes a shadow mask that includes a 
number of guide holes for the guide pins and being made of a 
material that is attracted to the magnets. 

It is understood that various different combinations of the 
above-listed embodiments and steps can be used in various 
sequences or in parallel, and there is no particular step that is 
critical or required. Additionally, although the term “elec 
trode' is used herein, it will be recognized that the term 
includes the concept of an “electrode contact.” Furthermore, 
features illustrated and discussed above with respect to some 
embodiments can be combined with features illustrated and 
discussed above with respect to other embodiments. Accord 
ingly, all such modifications are intended to be included 
within the scope of this invention. 

The foregoing has outlined features of several embodi 
ments. Those of ordinary skill in the art should appreciate that 
they may readily use the present disclosure as a basis for 
designing or modifying other processes and structures for 
carrying out the same purposes and/or achieving the same 
advantages of the embodiments introduced herein. Those of 
ordinary skill in the art should also realize that such equiva 
lent constructions do not depart from the spirit and scope of 
the present disclosure, and that they may make various 
changes, substitutions and alterations herein without depart 
ing from the spirit and scope of the present disclosure. 
What is claimed is: 
1. A shadow mask assembly comprising: 
a securing assembly configured to hold a substrate that is 

configured to hold a plurality of dies, the securing 
assembly comprising: 

an upper jig and a lower jig, wherein at least one of the 
upper jig and the lower jig includes a number of guide 
pins, and wherein a surface of the upper jig is coplanar 
with an upper surface of the lower jig; and 

a shadow mask comprising holes for the guide pins, said 
holes allowing the guide pins freedom of motion in one 
direction; 

wherein, the securing assembly includes a number of 
embedded magnets configured to secure the shadow 
mask to the securing assembly. 

2. The assembly of claim 1, wherein the shadow mask is 
made of a material that is attracted to the embedded magnets. 

3. The assembly of claim 1, wherein the surface of the 
upper jig is in direct contact with the shadow mask. 

4. The assembly of claim 1, wherein the embedded mag 
nets are embedded both in the upper jig and the lower jig. 

5. The assembly of claim 1, wherein the one direction is 
toward a center of the shadow mask. 
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6. The assembly of claim 5, wherein the freedom of motion 

is sufficient to allow for a thermal expansion of the shadow 
mask during a phosphor spray coating process. 

7. The assembly of claim 5, wherein a space between the 
guide pins and the shadow mask is sufficient to allow for a 
thermal expansion of the shadow mask due to exposure of a 
temperature of about 50 degrees Celsius. 

8. The assembly of claim 1, wherein the shadow mask is an 
integrated shadow mask. 

9. The assembly of claim 1, wherein the dies comprise LED 
dies. 

10. A shadow mask assembly used in a spray coating pro 
cess, the assembly comprising: 

a bottom jig configured to be secured to a substrate having 
a plurality of Light Emitting Diode (LED) dies thereon, 
the bottom jig having a number of embedded magnets; 

an upper jig secured to the bottom jig and including: 
a number of guide pins; and 
a number of embedded magnets; 

wherein at least one surface of the upper jig is coplanar 
with an upper surface of the bottom jig; and 

a shadow mask that includes a number of guide holes for 
the guide pins and being made of a material that is 
attracted to the magnets. 

11. The assembly of claim 10, wherein the guide holes are 
Such that there is a space between the guide pins and a center 
of the shadow mask, the space being sufficient to allow for 
thermal expansion during the spray coating process. 

12. The assembly of claim 10, wherein the shadow mask 
includes an integrated shadow mask. 

13. An assembly, comprising: 
a securing assembly configured to hold a work piece, 

wherein the securing assembly includes a first jig, a 
second jig located below the first jig, the second jig 
including a plurality of guide pins that protrudes above 
an upper surface of the first jig; 

a plurality of magnets disposed within the securing assem 
bly; and 

a shadow mask that includes a plurality of openings, the 
shadow mask containing a magnetically susceptible 
material, wherein each of the openings is configured to 
accommodate a respective one of the guide pins while 
still allowing room for movement of the shadow mask 
during thermal expansion of the shadow mask. 

14. The assembly of claim 13, wherein the securing assem 
bly includes a well inside which the workpiece is placed, the 
well having same dimensions as the work piece. 

15. The assembly of claim 13, wherein: 
a first subset of the plurality of magnets is embedded within 

the first jig; and 
a second subset of the plurality of magnets is embedded 

within the second jig. 
16. The assembly of claim 15, wherein the magnets in the 

first Subset are non-overlapping with the magnets in the sec 
ond subset. 

17. The assembly of claim 13, wherein the openings of the 
shadow mask are configured as a plurality of guide slots that 
are each oriented toward a center of the shadow mask. 

18. The assembly of claim 13, wherein the openings of the 
shadow mask each have an elliptical shape. 

19. The assembly of claim 13, wherein a surface of the first 
jig is coplanar with an upper surface of the second jig. 

20. The assembly of claim 13, wherein the first jig sits 
within the second jig. 


